This paper is devoted to machining of concrete by grinding and the metrology of its surface morphologies. The surface morphology is still open problem from metrological as well as mathematical morphology points of views. In order to understand better abrasive process the raw morphologic state is compared with the ground concrete surfaces. The most significant results are presented in the form of profiles, 3D isometric views and isotropy analysis. Several 3D surface roughness parameters were calculated.
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Introduction
It has been generally admitted, essentially for economical reasons, that final concrete surfaces are raw and only in specific cases will be machined [1, 2] .
Recent technological progress in Civil Engineering and worldwide diversified requirements contributes to development of new science surfometry concerning metrology of surfaces. It is not only due to increasing interest of sensor analysis and good looking impression of concrete but also thanks to growing quality of coatings and of its adhesion quantification depending also on roughness.
The surface morphology is still open problem from metrological as well as mathematical morphology points of view [3] [4] [5] [6] [7] [8] . Today there are great number of techniques for surfaces metrology of machined or not surfaces but mostly devoted to mechanical industry due to tremendously increasing demand. That proliferation of multi-scale techniques from optical non-contact to tactile devices connected to rash parameters created a great number of industrial difficulties [9] . In recent years has been observed a proliferation of parameters justified or not for description and metrological approach to specify surface texture. Some of these parameters are useful, but most are not even for mechanical industry. The result of this rash is confusion and expense.
For concrete morphology description situation is opposite to previous case. There is total lack of knowledge and specific metrological equipment's.
The tactile techniques are eliminated for time consuming reasons on the one side and wear problems of the tip on another side [10] . The authors present the today's morphological aspect of concretes in context of control of machining and functional as well as architectural aspects . For specific application reasons in present study a novel 3D laser scanner in assessment of concrete's morphology subjected to grinding is presented. Moreover in order to understand better two bodies abrasive process the raw morphologic state is compared the ground concrete surfaces. The most significant results are presented in the form of three-dimensional images of axonometric projections and several surface determinable morphology parameters.
Metrological strategy
In order to take into consideration real civil engineering problem a few square meters has to be analyzed and for statistical reasons a significant number of measurements has to be carried out on pertinent areas of analyzed concrete. For that reasons 40 of 50×50 mm concrete surfaces selected on a 125 mm thick concrete substrate layer were investigated. Also for technological reasons the concrete substrates were prepared of grade C30/37 concrete with the maximum grading of 8 mm of crushed basalt aggregate. The scanning field corresponds to the one tested by the semi-nondestructive pull-off method in order to identify the adhesion between concrete layers [16] [17] [18] .
In order to discriminate the effect of grinding on large scale of machined concrete the surfaces were prepared differently:
• raw surface (half space as after concreting), • ground (half space subjected to grinding).
A 3D laser scanner, developed and described in details in [11] [12] [13] [14] was used. That 3D laser scanner principle (Fig. 1c) is based on triangulation modified method, exploiting a set of laser spots forming a 50 mm long line. In order to obtain a 3D image of the tested surface the scanner was equipped with a stepwise motor whereby measurements could be performed at a sampling range of 0.1 mm along a measuring length of 50 mm. As mentioned in [15] in the case of highly rough surfaces, to which concrete surfaces belong, the laser triangulation method has a certain limitation (shadow effect) due to its principle of operation. However, in the case of measured ground concrete surfaces no influence of the shadow effect on the obtained results was observed taking several metrological precautions. The main advantages of developed 3D laser scanner technique are its speed, achieved owing to the fitting of the scanning parameters to the measurement requirements, and its mobility.
Selected results and discussion
In order to illustrate the morphology evolution due to grinding process pertinent 3D isometric views, extracted significant profiles, and isotropy of the raw and ground concrete substrate surfaces are shown in Figs. 2 and 3 . From the analysis of Figs. 2 and 3 it is easy to state that profile of ground concrete surface is characterized by lower amplitude than for raw surface. It is the effect of cutting "peaks". From profile of Fig. 3 the crushing effect of emerging gravels can be easily observed. Interest to morphological anisotropy concrete is justified by directional flattening before solidification and it is attention-grabbing to measure if it is possible to quantify the effect of machining in case of present study grinding. Effectively the isotropy of ground concrete surface is twice higher than for the raw one. One can state that grinding process in present situation contributes to homogenization of ground surfaces. The morphological characterization and the surface roughness parameters were calculated thanks to MountainsMap [19] in accordance to ISO 25178 standards [20] . Statistical treatments of 3D morphological parameters (3D optical scanning) are presented in Tables 1-5 .
An analysis of the test results presented in Table 1 shows that the grinding of the concrete surface resulted in a reduction in the average values of all amplitude roughness parameters except Sku in comparison with the average values of the same parameters describing the raw surface. It appears from the Table 2 that grinding caused the largest reduction in the average values of parameters Smc and Sxp, but it had no effect on the value of parameter Smr, which did not change in comparison with that obtained for the surface not subjected to grinding process. An analysis of the statistical treatment of 3D morphological spatial parameters presented in Table  3 shows that the grinding of the concrete surface resulted in a reduction in the average values of two spatial roughness parameters Str in comparison with the average values of the same parameters describing the raw surface. Average value of Sal increases in comparison with the ones described raw surface. However it is proper to note that the following changes are not more than 20% and changes of the average value of Std is not significant. It can be stated from the Table 4 that grinding caused the largest reduction in the average values of both hybrid parameters Sdq and Sdr in comparison with that obtained for the surface not subjected to grinding. By analysis the results from Table 5 it also can be stated that grinding caused the largest reduction in the average values of all volume parameters in comparison with that obtained for the surface not subjected to grinding process. 
Conclusion and perspectives
It has been demonstrated that metrology of ground concrete's morphology is possible and necessary in manufacturing of this surfaces of high value added processes. The non-destructive metrology of the morphology of ground concrete in relation to raw surface can be determinist and is discriminative by means of 3D laser scanner measurements.
It appears from the selected results that grinding process contributes to reduction in the average values of most 3D topographical parameters. Only average values of spatial parameters have been stated as similar.
It is still the open problem to select the most relevant 3D morphological descriptors as pertinent parameters for specific function of raw as well as finished surfaces by grounding of concrete. 
In developing the ideas
